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THE EFFECT OF A CORTICOSTEROID AND A DIURETIC ON THE
STRUCTURE OF THE ECCRINE SWEAT GLAND*
RICHARD L. DOBSON, M.D. AND DONALD C. ABELE, M.D.
In recent studies we have shown that profuse
thermogenic sweating alters the structure of the
human eccrine sweat gland (1, 2, 3, 4). The
amount of sweat secreted, however, does not
exert the major influence in determining these
structural changes. In a study on the effect of
salt intake on sweating, for example, subjects on
a low salt intake exhibit far more marked cyto-
logic changes in the cecrine gland than subjects
on a high salt intake (4). This occurs even though
the rate of sweating was identical in both groups.
The excretion of sodium chloride by the sweat
gland was greatly influenced by salt intake and
this appears to be correlated closely with the
structural changes (5). In other words, the lower
the rate of excretion of sodium, the greater the
cellular change in both secretory coil and duct.
These cellular changes can also be correlated
with the amount of energy expended by the
sweat gland since the production of a dilute
sweat requires considerably more metabolic
activity than the formation of sweat with a
sodium concentration approaching that of
plasma. The major unanswered question intro-
duced by these studies, however, is this: Which
is the more important factor influencing the
structure and function of the sweat gland—is it
salt intake, per .se, or is it the humoral effects
(specifically adrenal cortical) of altered salt
intake?
To answer this question it was thought appro-
priate to study the structural changes induced by
sweating in subjects on a high salt intake given,
in addition, either methyclothiazide (a diuretic)
or 9a-fluorohydrocortisone. Methyclothiazide
increases the rate of sodium excretion by the
sweat gland (probably by blocking the reabsorp-
tion of sodium in the duct). 9a-fluorohydrocorti-
sone, on the other hand, decreases the rate of
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sodium excretion by increasing the rate of sodium
absorption in the duct (6). With 9a-fluorohydro-
cortisone, therefore, the functional effects of a
low salt intake could be duplicated, even though
subjects were being given an extremely high salt
intake. By means of these studies it seemed
possible to determine whether salt intake, per se,
or the functional effects of salt intake, was the
factor most important in determining the
structural changes which occur in the eccrine
gland with profuse sweating.
METHOD
Three normal young men were used as experi-
mental subjects. Subjects were salt-loaded by the
oral administration of 8 gms. of sodium chloride
in addition to their regular diet containing an
estimated 8 gms. of salt for four to five days before
episodes of sweating. During sweating all subjects
were given 1.2 gms. of salt and 250 ml. of water at
half-hour intervals. A regular diet and a salt
supplement of 4.8 to 6 gms. were also taken on
each day of sweating. Sweating was induced in a
heat cabinet at a temperature of 105°F. for six
hours daily on three consecutive days. During the
control period only salt and water were given
during sweating. At least one month after the
control period the same subjects were given 7.5
mgm. of methychlothiazide five hours before each
day of sweating. After a further month of rest 2
mgs. of 9a-fluorohydrocortisone was given to each
subject two hours before each episode of sweating.
Biopsy specimens were obtained from the skin
of the back before and after each episode of
sweating. All specimens were fixed in Helley's
solution, serially sectioned and stained either with
Giemsa buffered to pH 6.5 or by the McManus-
PAS procedure controlled with diastase.
RESULTS
A. Controls
In the control group the results were quite
similar to those previously reported (4). There
was some loss of glycogen from both the secretory
coil and duct on the first day of sweating but
none thereafter. There was a minimal decrease in
the size of the large pale cells of the secretory coil
after the first two days of sweating but none on
the third. These results are summarized in
Table I.
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B. Methyclothiazide Study
The results, in general, were quite similar to
the controls as shown in Table II. The luminal
cells of the duct, however, lost most of their
glycogen with each episode of sweating. This did
not occur in the control study.
TABLE I
Control study—cellular changes
1st day
Before
After
2nd day
Before
After
3rd day
Before
C. 9c.e-fiuorohydrocortisone Study
The results were similar to the other studies
only with regard to loss of glycogen by the secre-
tory coil. There was some loss of glycogen after
the first day but no loss occurred during the
second and third days. Considerable vacuoliza-
tion and atrophy developed in the large pale cells
TABLE II
Met hyclot hi aside study—cellular changes
1st day
Before
After
2nd day
Before
After
3rd day
Before
After
Secretory Coil
Large Cell
Fm. 1. Da-fluorohydrocortisone-treated subject after first episode of sweating. The secretory coil is
much distorted due to atrophy of the large pale cells (arrows) PAS-McManus procedure. Diastase-
treated. X 128.
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FIG. 2. 9a-fiuorohydrocortisone-treated subject before sweating on first day. The duct contains very
little glycogen (arrow 1). The secretory coil is rich in glycogen (arrow 2). PAS-McManus procedure.
X 128.
during the first and third episodes of sweating
(Fig. 1). Little glycogen was present in the cells
of the duct even before sweating on the first day
(Fig. 2). There was complete loss of glycogen
from both the basal and luminal cells of the
duct on the second day accompanied by some
vacuolization of the basal cells (Fig. 3). On the
third day glycogen was completely depleted
from the luminal cell of the duct but only partially
from the basal cell. These results are summarized
in Table III.
DISCUSSION
The significant cytologic changes observed in
these studies involve the large pale cells of the
secretory coil and the luminal and basal cells of
the coil portion of the duct. In all three instances
partial loss of glycogen from the secretory coil
occurred during the first episode of sweating,
but not thereafter. Slight distortion of the large
pale cells was seen on the first and second day
of the methyclothiazide study. Rather marked
changes, however, were seen in these cells in the
9a-fluorohydrocortisone study. These were espe-
cially severe on the third day.
The varying conditions of this study, however,
produced their most striking changes in the duct.
In the control group a slight loss of glycogen was
observed only after the first day of sweating.
This is comparable to the results previously
reported (4). In the subjects who received the
diuretic, methyclothiazide, no significant loss
of glycogen was seen after any episode of sweat-
ing. In the subjects who took the 9a-fluorohydro-
cortisone some depletion of glycogen was present
in the duct even before the first episode of sweat-
ing. This was comparable to the results observed
in a previous study on subjects on a low salt
intake (4). On the second and third day glycogen
was completely lost from the luminal cell of the
duct.
It seems apparent then that salt intake, per se,
does not directly influence these cytologic
effects of profuse sweating in the human eccrine
sweat gland. If this were the case, similar findings
would have been observed in all three studies
since the amount and duration of sweating and
the intake of salt and water were identical. This
leads to the assumption that the effect of the
drugs somehow was concerned with these changes.
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Fsa. 3. Oce-fiuorohydrocortisone-treated subject after sweating on second day. The duct has been
completely depleted of its glycogen (arrow). PAS-MeManus procedure. X 320.
TABLE III
9a-Fluorohydrocortisone study—cellular changes
Secretory Coil
Large Cell
Glycogen Distortion
Duct
Basal Luminal
Cell Cell
Gly- Gly-
cogen cogen
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Before
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Before
After
3rd day
Before
After
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On the basis of recent studies on the function of
the ecerine gland it is now possible, at least in a
general way, to interpret the various cytologic
changes which occur during profuse sweating.
Let us assume in the first place that the ecerine
secretory coil secretes a solution derived from
extracellular fluid and that the ultimate composi-
tion of this fluid, i.e. sweat collected on the skin
surface, is regulated by the duet. It may be
further assumed that the more dilute the sweat
the more work the duet is required to do. This is
readily apparent if one visualizes the larger num-
ber of sodium ions which must be reabsorbed in
dilute sweat as compared to concentrated sweat.
Since this reabsorption must oeeur against a
concentration gradient (i.e., sodium is more
dilute in the lumen of the duct than in the
extraeellular fluid surrounding the duct) con-
siderable energy is required. It has been re-
peatedly observed that such expenditure of
energy by the ecerine gland is frequently asso-
ciated with observable cytologic changes (1, 7, 5).
Glyeogen, for example, is depleted from both the
secretory coil and duet when the sweat gland is
stimulated either thermally or pharmacologically
to produce sweat.
Tndividuals who have received a high salt
intake excrete sodium in sweat at a high rate
(5). Since little reabsorption of sodium is oeeur-
ring, little expenditure of energy is required and
only minimal, transient cytologic changes occur
in the sweat glands. For the salt-depleted sub-
jects, on the other hand, the rate of excretion of
sodium in the sweat decreases due to progressive
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diminution in the concentration of the sodium in
the sweat, probably as the result of an increased
reabsorption of sodium by the duct. This is
accompanied by the cytologic changes which
presumably reflect a greater expenditure of
energy during the reabsorption process.
In this study we have shown that if the func-
tional effects of a low salt intake are produced
by means of a salt-active corticosteroid, the
cytologic changes produced are similar to those
observed in subjects on a low salt intake despite
the administration of large amounts of sodium
chloride. Since in both instances the work of
reabsorption is increased, structural changes in
the sweat gland are clearly related to function.
This is further confirmed by the results in the
subjects given methyclothiazide. Although the
pattern of the rate of sodium excretion was con-
siderably altered (6) the rate remained high,
reabsorption was low as in the control groups,
and only minimal cytologic changes were
observed.
SUMMARY
Minimal cytologic changes occur in the eccrinc
sweat gland on a high salt intake, providing the
rate of sweat sodium excretion remains high,
indicating a low rate of sodium reabsorption by
the duct. If, by the administration of a salt-active
corticosteroid, the excretion of sodium is lowered,
indicating an increase in the rate of sodium
reabsorption, cellular changes similar to those
observed in salt-depleted subjects occur regardless
of salt intake. These cellular changes, especially
in the duct, may reflect the expenditure of energy
required to produce sweat of varying concentra-
tions.
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